The main objective of central banks around the world is the achievement and maintenance of price stability, which actually creates an environment conducive for faster economic growth. Therefore, it is important for policy makers to understand the relationship between inflation and economic growth in order to make sound policies. If inflation is detrimental to economic growth, then policy makers should aim for low rates of inflation. This leads to a question; how low should the inflation rate be? Previous research in the non-linearities of the inflation-growth relationship has found that a positive relationship exists when the in-flation rate is low and a negative relationship when the inflation rate is high. This implies the existence of a threshold level of inflation at which the sign switches. In this paper we use panel data for the period 1980-2008 to examine the inflation-growth nexus in the Southern African Development Community (SADC) re-gion and to endogenously determine the threshold level of inflation. To deal with problems of endogeneity and heterogeneity, the paper uses the Panel Smooth Transition Regression (PSTR) method developed by González et al. (2005) to examine the non-linearities in the inflation-growth nexus. This technique further estimates the smoothness of the transition from a low inflation to a high inflation regime. The findings reveal a threshold level of 18.9%, above which inflation is detrimental to economic growth in the SADC region.
Introduction
The primary objective of macroeconomic policies is to attain high and sustainable output growth rates coupled with low and stable inflation rates (Kan and Omay, 2010) , implying that a certain magnitude of inflation is necessary to "grease the wheels" of the economy (Temple, 2000) . Therefore, policy makers find it important to understand this re-lationship in order to ensure sound policy making. If inflation is detri-mental to economic growth, it follows that policy-makers should aim for low rates of inflation. Therefore, this leads to the question; how low should the inflation rate be? That is, at what level of inflation does the relationship between inflation and economic growth become negative (Furuoka et al., 2009) . Previous empirical research in this field has shown a positive relationship between these two variables to exist when the inflation rate is low and a negative relationship when the inflation rate is high, hence implying that there is an optimal level, or a threshold level of inflation, at which the sign switches from positive to negative. Such studies include, amongst others; Sarel, 1996; and Ghosh and Phillips, 1998 ; who advocate that inflation has a detrimental effect on economic growth, after reaching a threshold level of 8% and 2.5%, respectively and therefore monetary policy should aim at achieving a low level of inflation.
The above-mentioned studies include both linear and non-linear approaches to modelling. In some instances, the threshold levels are exogenously determined, for instance, Fischer (1993) and; Bruno and Easterly (1998) . Also, in certain cases, the unobserved heterogeneity at both country and time dimensions is not accounted for. The contribution of this paper is therefore to estimate the threshold level endogeneously and also to estimate the smoothness of the transition from a low to a high inflation regime. We adopt a relatively new econometric technique, Panel Smooth Transition Regression (PSTR), for threshold estimation and inference developed by González et al. (2005) which addresses the problems of endogeneity and heterogeneity in a non-linear framework. To the best of my knowledge, non-linearities in the inflation-growth relationship has never been investigated in the Southern African Development Community (SADC) context, hence this warrants further investigation so as to ascertain if a similar relationship as in developed countries exists.
The purpose of the paper is to precisely estimate the threshold level of inflation below which inflation may not have any impact, or a positive impact, on economic growth or above which inflation may be detrimental to economic growth, using panel data for the period 1980-2008. The organisation of the paper is as follows: Section 2 provides a re-view of the literature. Section 3 focuses on the research methodology and data description. Empirical results are contained in Section 4, while concluding remarks are presented in Section 5.
Literature review
Non-linearities in the inflation-growth nexus have attracted interest among economic researchers in recent years. Research in this field has however provided mixed results, largely depending on the methodology used. Furthermore, thresholds also vary substantially when analysing developed and developing countries respectively, implying that the level of development in countries under consideration may be an important factor.
One of the first papers to examine the possibility of non-linearities in the inflation-growth nexus is that of Fischer (1993) . Using a panel of ninety-three countries consisting of both developed and developing countries, Fischer uses spline regression techniques and arbitrarily di-vides the sample into three threshold levels or breaks, namely inflation rates less than 15%, inflation rates between 15% and 40%, and inflation rates above 40%. The results depict the presence of non-linearities in the relationship between inflation and growth. However, the fact that the thresholds are determined exogenously by dividing the sample ar-bitrarily by using breaks to represent the thresholds presents a limita-tion in this case. Similarly, Bruno (1995) investigates the inflation-growth relationship among 127 countries (consisting of both developed and developing countries) and finds that growth rates only decline when inflation rates move beyond 20-25% and that growth increases as inflation rises up to the 15-20% range.
Furthermore, Sarel (1996) tests for structural breaks in the inflation-growth relationship using panel data for eighty-seven coun-tries for the period . The results reveal a significant structural break at an annual inflation rate of 8%, implying that below this rate, inflation does not have a significant effect on growth, while above 8% inflation has a negative and statistically significant impact on growth. Bruno and Easterly (1998) also examine the de-terminants of economic growth using data from twenty-six coun-tries during the period 1961-1992. They exogenously determine the threshold level of inflation as 40% and find the interrelationship between inflation and growth to be inconclusive. Furthermore, Ghosh and Phillips (1998) consider data for 145 countries for the pe-riod 1960-1996 and combine a non-linear treatment of the inflation growthrelationship with an extensive examination of robustness. Their findings reveal the existence of a statistically significant threshold level of 2.5% above which inflation negatively affects growth. The study also find that the inflation-growth relation is con-vex, so that the decline in growth associated with an increase from 10 to 20% in the inflation rate is much larger than that associated with moving from 40 to 50%.
In addition, Khan and Senhadji (2001) estimate the threshold levels separately for industrial and developing countries using a panel of 140 countries for the period 1960-1998. They make use of non-linear least squares (NLLS) estimation and find the threshold levels to be 1-3% and 11-12% for industrial and developing countries, respectively. Their results suggest that the inflation level below these threshold levels have no effect on growth, while inflation rates above these levels have a significant negative impact on growth. Similarly, Moshiri and Sepehri (2004) use a non-linear specification and the data from four groups of countries at various stages of development and examine the possibility of various thresholds (rather than a single threshold) across countries at various stages of development. They found the thresholds levels varying widely from as high as 15% per year for lower middle-income countries to 11% for low-income countries, and 5% for upper-middle income countries. Their results also depict no statistically significant relationship between inflation and economic growth in the Organisation for Economic Cooperation and Development (OECD) countries.
A similar study is also carried out by Lee and Wong (2005) , who uses a threshold regression model to investigate the existence of inflation thresholds for Taiwan and Japan using data for the period 1962 -2002 for Taiwan and 1970 -2001 for Japan, respectively. The results suggest threshold levels of 7.25% for Taiwan and 9.66% for Japan. Drukker et al. (2005) investigate the non-linearities in the inflation-growth rela-tionship using data of 138 countries over the period 1950-2000. The re-sults reveal one threshold value of 19.16%, below which inflation do not have a statistically significant effect on growth and above which infla-tion has a negative and statistically significant impact on long-run growth.
In addition, a study by Pollin and Zhu (2006) report the existence of a non-linear relationship between inflation and economic growth for 80 countries over the 1961-2000 period, using middle-income and lowincome countries. The paper finds an inflation threshold of between 15 and 18%, above which inflation is detrimental to economic growth and below which inflation is beneficial to economic growth. Similarly, Li (2006) estimates a non-linear relationship between inflation and economic growth for 27 developing and 90 developed countries over the 1961-2004 period. The results reveal two threshold levels of 14% and 38% for developing countries. When the inflation rate is below 14%, the ef-fects of inflation on growth are positive and insignificant. Between 14 and 38 %,th ee ffects arestronglyn ega tivean dsign ificant and above 38% the ef-fects diminish but remain significantly negative. Furthermore, the study reveal a threshold level of 24% for developed countries, above which the effects of inflationong rowth remainsign ificantly negative, but the mar-ginal effect of inflat ion on growth dimin ish es.
Furthermore, Schiavo and Vaona (2007) use a nonparametric estimator and semiparametric instrumental variable (IV) estimator to assess the non-linearities between inflation and economic growth, and also the existence of a threshold level of inflation. They use a dataset for 167 countries (comprising of developed and developing countries) cov-ering the period 1960-1999. The results reveal the existence of a thresh-old level of 12% for developed countries, where below this level, inflation seems not to be harmful to growth, while it is harmful above the 12% level. Due to high variability of growth performances in developing countries, the study did not find a precise threshold level of inflation for the group of countries included in the analysis. Similarly, Furuoka et al. (2009) tests for the existence of threshold effects in the inflation-growth relationship in the context of Malaysia, using endogenous threshold autoregressive (TAR) models proposed by Hansen (1999) . The study uses annual data covering the period 1970-2005 and finds a threshold level of 3.89% above which inflation significantly retards growth of GDP and below which inflation is positive and significantly re-lated to growth. On the other hand, Espinoza et al. (2010) use a smooth transition regression (STR) model to investigate the speed at which infla-tion beyond a threshold becomes harmful to growth. The study employs a panel of 165 countries covering the period 1960-2007. The results show that inflation above a threshold of 10% and 1% quickly becomes harmful to growth; for emerging economies and advanced economies, respectively.
In a recent paper, Kan and Omay (2010) , re-examine the threshold effects in the inflation-growth nexus with a panel of six industrialised economies (Canada, France, Italy, Japan, UK and US) covering the period 1972-2005. They use panel smooth transition regression (PSTR) which takes into account the non-linearities in the data. They also control for unobserved heterogeneity in both cross-section and time dimensions. The results reveal a threshold level of 2.52%, above which inflation neg-atively and significantly affects economic growth. Similarly, Ibarra and Trupkin (2011) also use a PSTR model with fixed effects to investigate the non-linearities in the inflation-growth nexus among 120 countries for the period 1950-2007. Their results depict a threshold level of 19.1%for non-industrialised countries and a high speed of transition from low to high inflation regimes. By the same token, Mignon and Villavicencio (2011) also rely on a PSTR model to investigate the non-linearities in the inflation-growth relationship among 44 countries covering the pe-riod 1961-2007 and find a threshold level of 19.6% for lower-middle and low-income countries.
On a different note, Eggoh (2010) investigate the linkage between fi-nancial development and economic growth using PSTR for 71 countries, comprising both developed and developing countries, from 1960 to 2004. The findings reveal that the relationship between financial devel-opment and economic growth is nonlinear. The results specifically show that inflation, the ratio of government expenditures to GDP, de-gree of openness to trade and financial development affects the nonlinearity between financial development and growth. Furthermore, Eggoh (2011) examine the inflation effects on finance and growth using a similar data set and PSTR methodology. The findings reveal an infla-tion threshold of 20%, above which economic growth is not affected, or negatively affected by financial development. The study also finds that the impact of financial development on growth is positive and sig-nificant for inflation below the 10% level.
In the SADC context, research in inflation-growth nonlinearities is limited to a few country level studies. For instance, Hodge (2006) uses a South African data to test whether the data supports the findings of other cross-section studies that inflation has a nega-tive effect on growth over the longer term. He further investigates whether higher economic growth can be gained at the cost of higher inflation in the short run. The study makes use of annual data from 1950 to 2002. The findings of the study reveal that inflation retards economic growth in the long run in South Africa. Similarly, Phiri (2010) investigates the inflation threshold level that is detrimental to finance-growth activity for the South African economy. He uses quarterly data for the period 2000 to 2010 and the results reveal an inflation threshold level of 8%. Furthermore, Leshoro (2012) reexamined the inflation-growth relationship in South Africa using quarterly data for the period 1980 to 2010. He adopts the threshold regression model developed by Khan and Senhadji (2001) and estimates an inflation threshold level of 4%, below which there is a positive but statistically insignificant relationship between inflation and growth, and above which the relationship be-comes negative and significant.
Several observations can be highlighted from the literature discussed above. Firstly; there seems to be consensus that the inflation-growth relationship is non-linear, implying the existence of a threshold level of inflationbelowwhichinflation has either no significant impact, or a pos-itive impact on growth, and above which inflation has a negative impact on economic growth. The threshold level(s) vary from country to coun-try depending on the stage of economic development, institutional ar-rangements and structural realities. Secondly, developing countries seem to have higher threshold levels as compared to developed countries and this is largely attributable to the sound macroeconomic policies being implemented by the latter. Therefore, since the SADC region comprises of developing countries, it is expected that the threshold level would be around the same range as that found by previous research in this field such as Ibarra and Trupkin (2011) ,andMignon and Villavicencio (2011), who found a threshold level of 19.1% and 19.6%for developing countries, respectively. Therefore, there seems to be a consensus that high inflation rates will have a negative impact on growth, and this turning point (threshold level) will most likely be reached once inflation exceeds 15 to 20% (Heintz and Ndikumana, 2011) . Thirdly, the choice of estimation model and robustness check also play an important role in examining the non-linearities in the infla-tion-growth nexus.
Attractive models in the panel data context are those that in addition to accounting for non-linearities between the variables, also account for problems such as endogeneity and heterogeneity, hence this paper adopts the PSTR model developed by González et al. (2005) in investigating the non-linearities in the inflation-growth nexus. An important limitation of previous studies investigating the nonlinearities of the inflation-growth nexus is that, the samples were arbitrarily divided using breaks that represent the thresholds, meaning that threshold levels were exogenously determined, for instance, Fischer (1993) . Therefore, the main contribution of this paper is to determine the threshold levels endogenously. Furthermore, the study also investigates the speed of the transition from one inflation regime to another.
Methodology and data

Panel smooth transition regression model
This section describes the model specification and the data being used to assess the non-linearity of the relationship between inflation and economic growth. The paper adopts the PSTR approach developed by González et al. (2005) which caters for the heterogeneity problem in a non-linear framework. A PSTR model is a fixed effects model with exogenous regressors. The model is therefore a panel model with coef-ficients that vary across individuals and over time.
The PSTR model is the extension of a smooth transition regression (STR) modelling to panel data with heterogeneity across the panel members and over time (Chang and Chiang, 2011) . It allows for hetero-geneity in the regression coefficients by assuming that coefficients are continuous functions of an observable variable through a bounded func-tion of such variable, referred to as transition function and, fluctuates between extreme regimes (González et al., 2005) . The fact that the tran-sition variable is cross section-specific and time-varying implies that the regression coefficients for each of the cross-sections in the panel are changing over time. A simple PSTR model with two extreme re-gimes and a single transition function can be defined as:
where i =1,…, N, t =1,…, T,an d N and T denote the cross-section and time-dimension of the panel, respectively. The dependent variable y it (growth) is a scalar, μ i represents the fixed country effects, x it is k-dimensional vector of time-varying exogenous variables (y1, gov, open_gfcf and pvtcrd_inst), q it is the threshold variable (infltx), c is the threshold parameter (inflation threshold)a n d ,ε it is the residual term. The slope parameter γ denotes the smoothness of the transition from one regime to the other. As γ → ∞, the transition function approaches an indicator function I(q it >c j ) that takes the value of 1 if q it > c j .A s γ→0, the transition function becomes a homogenous or linear panel regression model with fixed effects. Ibarra and Trupkin (2011) point out that if γ is sufficiently high, then the PSTR model reduces to a threshold model with two regimes as in Khan and Senhadji (2001) . Therefore, in such a case, the direct effect of inflation on economic growth will be given by β ′ 0 for those countries with inflation less than or equal to c j ,a n d b yβ The transition function g(q it ;γ,c) is a continuous function of the observable variable q it and is normalised to be bounded between 0 and 1; and these extreme values are associated with regression coefficients β 0 1 and β
In general, the value of q it q it In general, the value of g(q it ;γ,c) and thus the effects of inflation on growth:
We follow Granger and Teräsvirta (1993) , Teräsvirta (1994) , Jansen and Teräsvirta (1996) , and González et al. (2005) and consider the following logistic transition function:
where c = (c 1 , …, c m )′ is an m-dimensional vector of location parameters, and γ > 0 and c 1 ≤ c 2 ≤, …, c m are identification restrictions. The PSTR model can be generalised to allow for more than two different regimes as follows:
where the transition functions g j (q j it ;γ j ,c j ), j =1,… r depend on the slope parameters γ j and on location parameters c j .Ifr=1, q j it =q it , and γ j →∞ for all j=1,…r, the transition function becomes an indicator function, with I[A]=1 if event A occurs, and I[A]=0 otherwise; then the model in Eq. (4) becomes a PTR model with r+1 regimes. Therefore this multi-level PSTR can be viewed as generalisation of the multiple regime PTR in Hansen (1999) .
3.1.1. Testing for linearity González et al. (2005) outlined a procedure for testing linearity against a PSTR model. This is deemed important since the PSTR is not identified if the data-generating process (DGP) is linear, therefore a linearity test is viewed to be necessary to avoid the estimation of unidentified models. The null hypothesis is: H 0 :β 1 =0. However, the test is non-standard because under this null hypothesis, the PSTR model contains unidentified nuisance parameters (Hansen, 1996) . Therefore, we adopt a possible solution developed by Luukkonen et al. (1988) and replace the transition function g(q it ;γ,c)byitsfirst-order Taylor expansion around γ=0 and test the linearity hypothesis as H 0 :γ=0. After reparameterization, this leads to the following auxiliary regression:
where the parameter vectors β′ 1 *,…,β′ m * are multiples of γ and ε it *= ε it +R m β 1 *x it ,where R m is the remainder of the Taylor expansion. Therefore testing H 0 :γ=0 in Eq. (1) is equivalent to testing the H 0 *:β′ 1 *=…=β′ m *=0 in Eq. (5). Then standard tests can be applied. We follow Colletaz and Hurlin (2006) and use Wald, Fischer and Likeli-hood ratio tests.
The Wald LM test can be written as:
where K is the number of explanatory variables, SSR 0 is the panel sum of squared residuals under H 0 (linear panel model with individual effects) and SSR 1 is the panel of sum of squared residuals under H 1 (PSTR model with m regimes). The Fischer LM test can be written as:
with an approximate distribution of F(mk,TN-N-mk).
The likelihood ratio test can be written as:
All these linearity tests are distributed χ 2 (K) under the null hypothesis.
Testing for the number of transition functions
According to Teräsvirta (1994) linearity tests also serve to determine the appropriate order of m of the logistic transition function in Eq. (3) or equivalently the order of extreme regimes. We therefore test the null of no remaining non-linearity in the transition function. Consider an auxiliary regression (Eq. (5)) with r=2 or three regimes:
The null hypothesis of no remaining heterogeneity in an estimated three-regime PSTR model can be formulated as H 0 : γ 2 = 0 in Eq. (9). However, as already indicated, this test is non-standard because under this null hypothesis, the PSTR model contains unidentified nuisance parameters. Therefore, this identification problem is circumvented by replacing transition function, g 2 (q it 2 ;γ 2 ,c 2 ) by the Taylor expansion around γ 2 = 0, resulting in the following auxiliary regression:
Using the auxiliary regression (Eq. (10)) with r=2, testing the null hypothesis of no remaining non-linearity is defined as H 0 :θ=0. Denote SSR 0 as the panel sum of squared residuals under H 0 (i.e. in a PSTR model with one transition function), and SSR 1 as the sum of squared residuals of the transformed model (Eq. (10)). Given a PSTR with r* transition functions, the procedure is as follows; test H 0 : r= r* against H 1 : r=r*+1. If H 0 is not rejected, then the procedure ends. Otherwise, the null hypothesis H 0 : r=r*+1 is tested against H 1 : r=r* +2. The testing procedure continues until the first accep-tance of the null hypothesis of no remaining heterogeneity. It should be kept in mind that at each step of the sequential procedure, the sig-nificance level must be reduced by a constant factor τ, such as 0 b τ b 1 in order to avoid excessively large models. As suggested by González et al. (2005) , we assume τ=0.5.
The data
We use annual data obtained from the World Bank Development Indicators (WDI), IMF International Financial Statistics (IFS), Penn World Tables (PWT) and Polity IV, for the period 1980 to 2008. The growth and inflation variables used in the analysis are growth in real GDP (growth) and inflation tax (infltx), respectively. We follow, amongst others, the work of Levine and Renelt (1992) and also Durlauf et al. (2005) in choosing a set of variables that controls for other factors associated with economic growth. However, in addition to the variables used in chapter two, a measure of conditional convergence namely, initial level of income (y1) is included as part of the explanatory variables. The other control variables include the ratio of gross fixed capital formation to GDP (gfcf), ratio of imports and exports to GDP (open), a measures of financial development − the ratio of private sector credit extension to GDP (pvtcrd), an institution-al variable, representing a measure of the level of political rights in the country/level of democracy (inst), and a measure of the size of the government (gov). Moreover, we interact openness with gross fixed capital formation in order to capture the notion that more open economies tend to encourage higher domestic investment with-in the country (open_gfcf), which is expected to induce higher eco-nomic growth. Private sector credit extension is also interacted with the level of institutional freedom to reflect that deepness of financial development is also induced by more free and independent institutions in the economy (pvtcrd_inst). Variable descriptions are presented in Table 1 .
Data on a number of variables such as black market exchange rate premium, corruption perception index, and others were also considered as potential explanatory variables. However, these were dropped from the analysis, due to statistical insignificance and/or lack of data for some countries in the sample. Four SADC member countries, in particular Angola, Democratic Republic of Congo, Seychelles and Zimbabwe were dropped from the analysis due to data unavailability. Therefore, the number of countries included in the sample remains at eleven. Table 2 depicts the correlation among the variables. As expected, inflation and economic growth presents a negative and statistically significant relationship at the 5% significance level. In terms of the control variables the measure of the size of the government (gov) had an unexpected positive sign although not statistically significant.
The interaction variable of private sector credit extension as a share of GDP and institutions (pvtcrd_inst) has an expected positive sign but is also not statistically significant. Initial level of income (y1) and an interaction variable between openness as a share of GDP and gross fixed capital formation as a share of GDP (open_gfcf), both have expected signs and are statistically significant. Therefore, this preliminary inspection of data shows that a negative relationship between inflation and economic growth in the SADC region indeed exists as expected. Descriptive statistics are presented in Table 3 . Table 3 shows that on average, inflation tax in the SADC region is around 14% and the economic growth rate is around 4% for the period 1980-2008. The highest economic growth rate may be attributable to the faster growth rate that was experienced in Lesotho in the late 1990s due to the construction of dams, roads and other infrastructure as part of the Lesotho Highlands Water Project.
Panel unit root tests were also conducted using both the Im et al. (2003) and the Levin, Lin and Chu (2002) (LLC) specifications. The LLC test assumes parameter homogeneity, meaning that suffers from heterogeneity bias as opposed to the IPS which allows for individual unit root processes and thus heterogenous parameters. Therefore, IPS is the preferred test. However, LLC unit root test results confirm IPS test results, with the exception of the pvtcrd_inst variable, where the IPS sta-tistic indicates that the panel is non-stationary, while the LLC test finds the panel stationary. All other variables are stationary, with the excep-tion of government expenditure variable (gov) which is only stationary in first differences (Table 4) .
Empirical results
Linearity and no remaining non-linearity results
The linearity tests results are presented in Table 5 and show that the null hypothesis that the model is linear is rejected for all three tests, implying that the relationship between inflation and growth in the SADC region is indeed nonlinear. Table 6 presents the test for no remaining non-linearity after assuming a two-regime model. The results indicate that the null hypothesis cannot be rejected, implying that the model has only one threshold or two regimes. Thus implies that in the SADC region, there is only one threshold level of inflation which separates the low inflation regime and high inflation regime.
Model estimation results
Estimated model parameters are presented in Table 7 . In line with expectations, the threshold level is found to be a double-digit figure of 18.9% for the SADC region, which is similar to the findings of 19.2%, 19.1% and 19.6% found by Drukker et al. (2005) , Ibarra and Trupkin (2011) , and Mignon and Villavicencio (2011) , respectively for a number of other developing regions. This estimated threshold level exceeds the findings by Khan and Senhadji (2001) , and Moshiri and Sepehri (2004) where both studies report a threshold level of 11% for developing countries.
Similarly, Espinoza et al. (2010) and Schiavo and Vaona (2007) , report threshold values of 10 and 12%, respectively. However, the fact that the estimated threshold level is at double-digits and also falls with-in the 10 to 20% bracket, similar to the studies mentioned above, may be attributable to the notion that SADC member countries, as being classified under non-industrialised, low income, or developing countries share similar economic characteristics and pursue similar macroeconomic policies as other developing regions around the world, hence the economic conditions may be similar. In particular, many developed countries across the world, such as New Zealand and United Kingdom, have all adopted an inflation targeting monetary policy framework, which clearly states the mandate of central banks as containing inflation at particular level(s) or within certain range(s). However, in Africa com-prising mainly of developing countries, only two countries namely, Ghana and South Africa have adopted inflation targeting monetary pol-icy frameworks. Hence some macroeconomic conditions in the SADC region are similar to the conditions transpiring in developing countries elsewhere.
All the coefficients, with the exception of the coefficient for initial level of income (y1) are statistically significant in the high inflation regime. The signs of coefficients are all consistent with empirical growth literature. The coefficient for the threshold variable (infltx) is negative for both regimes, but statistically insignificant for the low inflation rate regime (β 0 ) and statistically significant for the high inflation rate regime (β 1 ). This means that the effect of inflation on economic growth is not statistically significant when the inflation rate is below the threshold level of 18.9% but significant when it is above the threshold ***/**/* denote significance at 1%, 5% and 10%, respectively. All the variables are expressed in logarithmic form except for the institutional variable (inst) since it ranges from −7 to +7. level. These results are similar as those of Ibarra and Trupkin (2011) . The coefficient associated with the initial level of income (y1) is negative in both regimes but statistically significant in the low inflation regime. This may be an indication of conditional convergence in the SADC region when inflation rates are below the threshold level. These results are in line with those found by Chen and Gupta (2006) that there is convergence in the SADC region implying that poorer countries are able to catch up with the richer countries. Government spending is found to have a negative and significant impact on economic growth in high inflation regimes, indicating that higher levels of government spending do not necessarily lead to higher economic growth. Some level of government spending is necessary to maintain service levels and thus economic growth in a country. However, when channelled to-wards unproductive sectors or when expenditure mainly covers sala-ries and other current spending items, it will do little to enhance economic growth in a country. This is confirmed by the finding of Bittencourt (2012) that bigger governments tend to be detrimental to economic growth in four Latin American countries. An interaction variable between private sector credit and an institu-tional variable (pvtcrd_inst), has a negative sign in the low inflation re-gime and a positive sign in the high inflation regime. This is unexpected since economic theory postulates that at low levels of inflation, and when institutions are free and independent from political pressure, more credit may be extended to the private sector and this may be growth enhancing (Levine and Renelt, 1992; Temple,2000) .Further-more, at high inflation episodes, it is also expected that less credit may be extended to the private sector and this may hamper investment projects and this actually retards economic growth. The unexpected signs of the coefficients of this interaction variable in both low and high inflation rate regimes may be attributable to data limitations for the region. The coefficient associated with an interaction of openness and domestic investment (open_gfcf) is positive and statistically signif-icant in the low inflation regime indicating that more open economies tend to encourage domestic investment when inflation levels are low and this is also growth enhancing. However, the coefficient is negative and statistically significant in the high inflation regime indicating that high inflation tends to discourage domestic investment and this retards economic growth. Fig. 1 shows the transition function plotted against the inflation rate.
From Fig. 1 it is evident that the change from a low inflation regime to a high inflation regime is entirely smooth but relatively rapid. This is indicated by the estimated high transition parameter of 77.37. Ibarra and Trupkin (2011) point out that if a transition parameter is high, then the PSTR model reduces to a threshold model of two regions as in Khan and Senhadji (2001) . The estimated threshold value of 18.9%points to the half way point of the transition.
Conclusion
Many central banks in various countries have adopted an inflation targeting monetary policy framework in recent years so as to control the level of inflation. In doing so, these countries determined the threshold level of inflation exogenously. This paper, however, revisits the inflation-growth nexus by applying a smooth transition regression model for panel data (PSTR) which precisely determines the threshold level of inflation endogenously, hence an important advantage of the PSTR over the alternative models that have been used to estimate such a relationship. In particular, the paper estimates the threshold level of inflation in the SADC region above which inflation is detrimental to economic growth. This relatively new panel data econometric technique also estimates the smoothness of the function that links one regime (low) to another regime (high).
The test for non-linearity provides evidence that the inflationgrowth relationship in the SADC region is non-linear. Therefore, this warrants the use of PSTR in order to estimate this nexus. The test for (2011) and Ibarra and Trupkin (2011) , while marginally exceeding that of Khan and Senhadji (2001) , Moshiri and Sepehri (2004) , Espinoza et al. (2010) and Schiavo and Vaona (2007) , which studies re-port threshold values of between 10 and 12%. In the SADC context, the estimated threshold level is also significantly higher than the 4% level estimated by Leshoro (2012) for South Africa. This is also higher than the 8% inflation threshold level that is found to be detrimental towards finance-growth activity for South African economy as estimated by Phiri (2010) . This may be due to the fact that South Africa is the most developed country in the region and to a certain extent pursues different macroeconomic policies than the other SADC member countries. In particular, South Africa is the only country in the SADC region that has formally adopted an inflation targeting monetary policy framework, meaning that the South African Reserve Bank has a clear mandate of keeping the inflation rate within the 3-6% band. However, the other SADC countries do not have this clear mandate of keeping inflation rate within a particular target range; hence these countries may not be able to adequately control the rate of inflation when it is high. There-fore, given the above reasons, the estimated threshold level of infla-tion in the SADC region is at reasonable levels at 18.9%.
The speed of the transition from a low to high inflation regime is relatively smooth but rapid, suggesting that central banks in the SADC region need to act immediately when the inflation rate is near or above the estimated threshold level.
In a nutshell, the findings reveal that although the SADC countries are striving towards common goals and also due to the fact that most of these countries have managed to reduce their inflation rates to single digits in recent years, these countries are still divergent in terms of their inflation rates and economic growth rates. As already mentioned, South Africa is the only country within the region which has formally adopted the inflation targeting monetary policy framework of 3-6% and this is way below the estimated threshold level of 18.9% for the entire SADC region. Therefore, future research on the inflation-growth nexus in the region can focus on the context of smaller regional blocs such as Common Monetary Area (CMA) and Southern African Customs Union (SACU) and a lower threshold level may be expected. The CMA is a monetary and exchange rate arrangement between Lesotho, Namibia, South Africa and Swaziland. This arrangement resembles an asymmetric monetary union, with the bigger country -South Africa -being responsible for monetary policy formulation and implementation (Alweendo, 2000) . Therefore, the inflation-targeting monetary policy framework adopted by South Africa is in practice a de facto monetary policy framework for the CMA as a whole. South Africa may also be expected to have economic spill-over effects into the rest of the CMA.
It may also be interesting to investigate the inflation-growth nexus in the SACU context. The SACU agreement involves Lesotho, Botswana, Namibia, South Africa and Swaziland. The goods grown, produced or manufactured in the SACU, and imports from one member country to another, are free of customs duties and quantitative restrictions. However, these countries have common restrictions towards imports from the rest of the world. SACU also has free trade arrangements (FTA) with many trading blocs and countries around the world. Member countries are also allowed to have their bi-lateral trade arrangements with other blocs around the world. Therefore, since these countries have common external restrictions with the rest of the world, it would be interesting to investigate how this would affect the inflationary pressures and hence economic growth in such a region. Furthermore, in terms of future research, the study can also be expanded to incorporate the entire Sub-Saharan Africa (SSA) region and this would allow for cross-regional comparisons. 
